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Background: Emergency risk scoring systems have been deﬁned in order to identify the health status of
the patients on admission to the emergency department. In this study, we aimed to investigate the
prognostic values of Rapid Emergency Medicine Score (REMS), REMS without age and the HOTEL scores
in geriatric patients.
Methods: This prospective, single-centered, observational study was carried out between the January 15,
2014 February 28, 2014. Patients admitted to the emergency department during the study period and
aged 65 years or older were included in the study.
Results: In total, 939 patients were included in the study. In predicting the intensive care unit admission,
the area under the curve values of the REMS, REMS without age, and HOTEL scores were 0.772, 0.760, and
0.827 (p < 0.001, for all), respectively. The median (interquartile range) REMS and REMS without age
scores of the nonsurvivors were statistically signiﬁcantly higher than those of the survivors [10 (6) vs. 6
(3), 5 (6) vs. 1 (2), respectively; p < 0.001 for both]. Similarly, the HOTEL scores of the nonsurvivors were
also statistically signiﬁcantly higher than those of the survivors [2 (1) vs. 1(1), p < 0.001]. In predicting
the in-hospital mortality, the area under the curve values of the REMS, REMS without age and HOTEL
scores were 0.833, 0.819, and 0.858 (p < 0.001 for all), respectively.
Conclusion: The REMS, REMS without age, and the HOTEL scores cannot be efﬁciently employed to
discriminate geriatric patients requiring hospitalization. Nonetheless, all three scores are proper pre-
dictive systems regarding intensive care unit admission and in-hospital mortality in geriatric emergency
department patients.
Copyright © 2015, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
A proper triage is an important component of patient manage-
ment in emergency departments (EDs). For patient follow-up by
the physicians, it is vital to determine which patients shall be
hospitalized and which have higher mortality risks upont Intercontinental Emergency
as an oral presentation.
re that they have no conﬂicts
mettin Erbakan Üniversitesi,
ya, Turkey.
).
tric Emergency & Critical Care Meadmission. Thus, the risk scoring system employed for triage in the
ED should be based on rapidly obtainable and direct prognosis-
related parameters. For this reason, many risk-scoring systems
have been developed in the past decade utilizing easily acquirable
parameters such as vital ﬁndings and age1e5.
Rapid Emergency Medicine Score (REMS) is one of the emer-
gency scoring systems modiﬁed by Olsson et al6 from Rapid Acute
Physiological Score (RAPS) in 2003. It is based on six parameters
and reported to be a strong predictive of in-hospital mortality5e7.
There are studies demonstrating that REMS is as equally effective in
the scoring systems as MEWS, RAPS, and CURB-65 in predicting
mortality3,7e9. One of the superiorities of REMS over RAPS is that
the REMS includes age as a parameter. In the reference study, ﬁve
points were deﬁned for patients aged 65e74 years, and six points
were deﬁned for patients older than 74 years6. However, when onlydicine. Published by Elsevier Taiwan LLC. All rights reserved.
Z.D. Dundar et al.88the geriatric patient population is considered, the impression arises
that the REMS version not including age may also be sufﬁcient to
determine which patients shall be hospitalized and which patients
may have a mortal prognosis. To test this hypothesis, we deﬁned
the REMS without age score with the intention to compare its
performance in relation to the native REMS scoring.
HOTEL is a novel scoring system developed by Kellett et al10 in
2008 for patients in the EDs, which includes the parameters of
blood pressure, oxygen saturation and body temperature, in addi-
tion to electrocardiography (ECG) ﬁndings and loss of indepen-
dence. In the current literature, there are very few studies
evaluating the HOTEL scoring. These studies have revealed that the
HOTEL scoring is efﬁcient in predicting early and late in-hospital
mortality10e12.
To the best of our knowledge, there is no study evaluating REMS
and HOTEL scores among geriatric patients in the ED. Furthermore,
our current investigations will provide the ﬁrst study evaluating
the REMS without age version in the geriatric population.
In this prospective study, it was aimed to investigate the prog-
nostic values of REMS, REMS without age and the HOTEL scorings
regarding hospitalization, ICU admission, and in-hospital mortality.
2. Materials and methods
2.1. Patients
This prospective, single-centered, observational study was car-
ried out in a university hospital's ED with an annual admission rate
of 62,000, between the January 15, 2014 and February 28, 2014.
Patients admitted with acute medical or surgical complaints during
the study period and aged 65 years or older were included in the
study successively. Patients younger than 65 years, trauma patients,
and patients who had undergone cardiopulmonary resuscitation by
the emergency medical services were excluded from the study. The
studywas approved by the local ethics committee ofMeram Faculty
of Medicine, Necmettin Erbakan University, Konya, Turkey.
2.2. Study protocol
Each patient presenting to our ED was evaluated within 10
minutes of admission by an assistant resident of emergency med-
icine with the help of an attendant nurse. The vital ﬁndings
assessed on the ﬁrst evaluation were recorded onto the patient
charts. During the study period, physicians and nurses who were
responsible for the primary examination and treatment of the pa-
tients, were blinded to the study. The charts of the patients
included in the study were daily revised by the study investigators.
The data of the patients fulﬁlling the study inclusion criteria
were recorded as follows: age; sex; systolic and diastolic bloodTable 1
Rapid Emergency Medicine Score.
Point Age (y) Pulse rate (beats/min) Respiratory rate (breath
4 <40 <6
3 40e54
2 55e69 6e9
1 10e11
0 <45 70e109 12e24
1 25e34
2 45e54 110e139
3 55e64 140e179 35e49
4 >179 >49
5 65e74
6 >74
GCS ¼ Glasgow Coma Scale; MAP ¼ mean arterial pressure.pressure; pulse rate; respiratory frequency; body temperature;
peripheral oxygen saturation; Glasgow Coma Scale (GCS) score;
presence of abnormal ECG ﬁndings; and loss of independence. The
patients were followed-up until discharge or death for a maximum
duration of 28 days. The information regarding discharge from the
ED, referral to regular ward, ICU admission, and mortality were also
recorded.
2.3. Measurements
The scores of REMS, REMS without age, and HOTEL were
calculated using the recorded patient parameters. The REMS
implemented in this study includes six parameters comprising age,
pulse rate, respiratory frequency, mean arterial pressure, GCS score,
and peripheral oxygen saturation (Table 1)6. For calculation of
REMS, a basal score of ﬁve was assigned to age 65 years. REMS
without age was calculated using the same REMS parameters,
except the age. The HOTEL score employed in our current study was
calculated, based on the parameters of systolic blood pressure,
peripheral oxygen saturation, body temperature, abnormal ECG
ﬁndings, and loss of independence (Table 2)10.
Hospitalization, ICU admission, and in-hospital mortality were
used as the main outcomes of the study. The patients were divided
into the following four groups to evaluate hospitalizations: (1)
discharged from ED; (2) admitted to a ward; (3) admitted to ICU;
and (4) died in ED. For evaluation of the in-hospital mortality, the
patients were divided into two groups as survivors and non-
survivors. The intergroup differences between the admission pa-
rameters and the scores were analyzed.
2.4. Data analysis
The normality analyses of the data were performed using the
KolmogoroveSmirnov and ShapiroeWilk tests. It was determined
that the data did not conform to a normal distribution. The nu-
merical variables were interpreted as median (interquartile range)
and the categoricals were evaluated as quantities (percentage). The
intergroup differences of the numerical variables were analyzed
using the KruskaleWallis and the ManneWhitney U (with Bon-
ferroni correction) tests. The intergroup differences of the cate-
gorical variables were determined using the Chi-square and
Fisher's exact tests.
The strengths of the REMS, REMS without age and HOTEL scores
to predict hospitalization, ICU admission, and in-hospital mortality
were evaluated with the receivereoperating characteristic (ROC)
analysis. The area under the curve (AUC) values were determined.
The AUC values of each of the three scores were compared for each
of the three main outcomes. For each of the three main outcomes,
the optimum cut-off values of each of the three scores weres/min) MAP (mmHg) GCS score Oxygen saturation (%)
<49 <5 <75
5e7 75e85
50e69 8e10
11e13 86e89
70e109 >13 >89
110e129
130e159
>159
Table 2
HOTEL (hypotension, oxygen saturation, temperature, electrocardiogram,
loss of independence) score.
Point
Systolic blood pressure <100 mmHg 1
Oxygen saturation <90% 1
Temperature <35.0C 1
Abnormal electrocardiogram 1
Loss of independence 1
REMS and HOTEL in Geriatric ED Patients 89determined using the Youden Index (sensitivity þ speciﬁcity  1).
Performance criteria such as sensitivity and speciﬁcity were
calculated for the REMS, REMS without age, and HOTEL scores.
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) and MedCalc
version 13.2.2 (MedCalc Software, Ostend, Belgium) were used for
analysis of the statistical data.3. Results
During the study period, 7187 patients had been admitted to our
ED. Of these, 939 (13.1%) were age 65 years or older who had been
admitted due to nontraumatic complaints. The patients' median
age was 74 years (11), and 507 (54.0%) patients were male. There
were 460 (49.0%) patients discharged from the ED, 266 (28.3%)
patients admitted to a ward and 209 (22.3%) patients admitted to
the ICU. Four (0.4%) patients died during their management in the
ED. The in-hospital mortality rate was 7.8%. The physiological pa-
rameters and the risk scores of the patients upon admission have
been presented in Table 3.
When the parameters were evaluated according to the hospi-
talization groups, there were statistically signiﬁcant differences
between the REMS, REMS without age and the HOTEL scores be-
tween the hospitalization groups (p < 0.001 for all comparisons;
Table 4). According to the paired comparisons, the REMS, REMS
without age and the HOTEL scores seemed to discriminate patients
who had been discharged from the ED, admitted to a ward or to the
ICU (p < 0.001 for all comparisons). The paired comparisons be-
tween the groups are presented in Figures 1e3. Since only four
patients died at the ED, they are not shown in paired comparisons.
The median REMS and REMS without age scores of the non-
survivors were statistically signiﬁcantly higher than those of the
survivors [10 (6) vs. 6 (3) and 5 (6) vs. 1 (2), respectively; p < 0.001
for both]. Similarly, the median HOTEL scores of the nonsurvivorsTable 3
General characteristics of the patients (n ¼ 939).
Characteristics Descriptives
Age (y) 74 (11)
Sex n (%)
Male 507 (54.0)
Female 432 (46.0)
Mean arterial pressure (mmHg) 93 (20)
Pulse rate (beats/min) 80 (27)
Respiratory rate (breaths/min) 18 (6)
Oxygen saturation (%) 94 (6)
GCS score 15 (0)
REMS 7 (2)
REMS without age 1 (3)
HOTEL score 1 (2)
Hospitalization, n (%) 479 (51.0)
Admission to ICU, n (%) 209 (22.3)
In hospital mortality, n (%) 73 (7.8)
Data are presented as median (IQR) unless otherwise indicated.
GCS ¼ Glasgow Coma Scale; ICU ¼ intensive care unit; IQR ¼ interquartile
range; REMS ¼ Rapid Emergency Medicine Score.were also statistically signiﬁcantly higher than those of the survi-
vors [2 (1) vs. 1(1), p < 0.001; Table 5].
For the prediction of hospitalization, the AUC values for REMS,
REMS without age and the HOTEL scores were 0.698 [95% conﬁ-
dence interval (CI) 0.668e0.728], 0.693 (95% CI 0.663e0.723) and
0.766 (95% CI 0.732e0.798), respectively. Although the AUC values
for the REMS, REMS without age, and HOTEL scores were statisti-
cally signiﬁcantly higher, it was observed that 31.2% of the patients
with an REMS score of 5, 34.5% of the patients with a REMSwithout
age score of 0, and 25.5% of the patients with a HOTEL score of 0 had
been hospitalized. The hospitalization rates also increased at higher
levels of REMS, REMS without age and HOTEL scores. Thus, it is
concluded that none of these three scores was sufﬁciently strong to
discriminate patients requiring hospitalization, from the
dischargeable patients, and therefore, no further performance an-
alyses were performed.
In predicting the ICU admission, the AUC values of the REMS,
REMS without age and HOTEL scores were 0.772 (95% CI
0.744e0.799), 0.760 (95% CI 0.732e0.787), and 0.827 (95% CI
0.796e0.855), respectively (Figure 4). There was no statistical dif-
ference between REMS and REMS without age regarding the pre-
diction of ICU admission in the geriatric patient population
(p ¼ 0.154). There was no statistical signiﬁcance between the per-
formances of the HOTEL and REMS scores (p ¼ 0.065). The pre-
dictive performance of the HOTEL score was better than the REMS
without age (p ¼ 0.023). The cut-off values of REMS, REMS without
age, and HOTEL scores in predicting ICU admission were 7, 1, and 1,
respectively (Table 6).
In predicting the in-hospital mortality, the AUC values of the
REMS, REMS without age, and HOTEL scores were 0.833 (95% CI
0.807e0.856), 0.819 (95% CI 0.793e0.843), and 0.858 (95% CI
0.829e0.884), respectively (Figure 5). There was no statistical dif-
ference between REMS and REMSwithout age for predicting the in-
hospital mortality in the geriatric ED patient population (p¼ 0.108).
There was no difference between the predictive performance of the
HOTEL scores and REMS and REMS without age scores in terms of
in-hospital mortality (p ¼ 0.721 and p ¼ 0.249, respectively). The
cut-off values of REMS, REMS without age, and HOTEL scores in
predicting in-hospital mortality were 8, 2, and 1, respectively
(Table 6).
4. Discussion
We have determined that the REMS scores were different in
patients discharged from the ED, those admitted to award, or those
admitted to ICU. The possibility of ICU admission increased parallel
to increasing REMS scores. Bulut et al7 reported that the REMS
scores of the each of the three patient groups differed from each
other and that the REMS is a moderate predictor with an AUC value
of 0.642. In our results, although REMS seemed to be a good pre-
dictive parameter for hospitalization in the geriatric patient pop-
ulation with an AUC value of 0.698, it could not deﬁne one third of
the hospitalized patients. This is an unacceptable rate, and, ac-
cording to our results, REMS is an insufﬁcient scoring system for
decisions regarding discharge from hospital in the geriatric ED
patients. It was not possible to compare our results with the study
of Bulut et al7, since they did not perform analyses regarding hos-
pitalization rates for the each discrete REMS value. Among the
accessible literature, no other study was found regarding compar-
isons of REMS between discharged and hospitalized patients.
We have revealed that the REMS was a moderately efﬁcient
predictive score for ICU admissionwith an AUC value of 0.772. Bulut
et al7 reported that REMS was a weaker predictive score for ICU
admissions with an AUC value of 0.589. Furthermore, in their study,
REMS was shown to be a better predictive score regarding
Table 4
Comparison of parameters between the groups, including discharged from ED, ward admission, and ICU admission.
Discharged from ED (n ¼ 460) Ward admission (n ¼ 266) ICU admission (n ¼ 209) p
Age (y) 74 (10) 74 (11) 77 (12) 0.001
Sex n (%)
Male 236 (51.3) 157 (59.0) 112 (53.6) 0.252
Female 224 (48.7) 109 (41.0) 97 (46.4)
Mean arterial pressure (mmHg) 93 (17) 93 (20) 89 (30) <0.001
Pulse rate (beats/min) 76 (20) 88 (27) 89 (42) <0.001
Respiratory rate (breaths/min) 16 (4) 18 (6) 20 (8) <0.001
Oxygen saturation (%) 94 (4) 93 (6) 91 (12) <0.001
GCS score 6 (2) 7 (2) 9 (4) <0.001
REMS 0 (2) 1 (3) 3 (4) <0.001
HOTEL score 0 (1) 1 (2) 2 (2) <0.001
Data are presented as median (IQR) unless otherwise indicated.
ED ¼ emergency department; GCS ¼ Glasgow Coma Scale; ICU ¼ intensive care unit; IQR ¼ interquartile range; REMS ¼ Rapid Emergency Medicine Score.
Figure 1. Pairwise comparisons of Rapid Emergency Medicine Score (REMS) through
three patient groups in terms of hospitalization. ED ¼ emergency department;
ICU ¼ intensive care unit.
Z.D. Dundar et al.90hospitalization rather than ICU admissions in all age groups7.
Notwithstanding, REMS could have predicted the ICU admissions
more efﬁciently than the hospitalizations in our study. When an
REMS score of above 7 was assigned as a cut-off value in geriatricFigure 2. Pairwise comparisons of Rapid Emergency Medicine Score (REMS) without
age through three patient groups in terms of hospitalization. ED ¼ emergency
department; ICU ¼ intensive care unit.ED patients, it displayed a sensitivity of 70% and a speciﬁcity of 72%
in predicting ICU admission.
We have determined that the REMS was a strong predictive
score for in-hospital mortality in the geriatric ED patient popula-
tion with an AUC of 0.833. In various studies among the literature,
REMS has been shown to be a good predictive score regarding in-
hospital mortality for distinct groups of patients such as those
suffering from trauma, infection, or those brought to the hospital by
an ambulance, similar to our current results5e8,13,14. In our study,
the optimum cut-off value for the REMS was 8 and only 3.6% of the
patients with REMS values of 8 had died during their in-hospital
follow-up.
The mortality rate increased to 14.1% for patients with REMS
scores of 9. For patients with higher scores, the mortality rate was
never below 10%. In different studies, distinct threshold values have
been given for discrete patient groups. For all the adult nonsurgical
ED patients, it has been reported that the mortality increased when
REMSvalueswere above 136. Our results also revealed that theREMS
values above 8 were highly correlated with in-hospital mortality.
We did not detect statistically signiﬁcant differences between
the REMS and REMS without age scores for the three outcomes.
When the geriatric patient population was evaluated within itself,
the REMS without age scores calculated with just ﬁve parameters
excluding age was instructive regarding patients under risk for ICU
admission and in-hospital mortality. Detailed risk analyses were
not performed for age and other parameters. It should be evaluatedFigure 3. Pairwise comparison of HOTEL score through three patient groups in terms
of hospitalization. ED ¼ emergency department; ICU ¼ intensive care unit.
Table 5
Comparison of parameters between survivors and nonsurvivors
Survivors (n ¼ 866) Nonsurvivors (n ¼ 73) p
Age (y) 74 (11) 76 (13) 0.018
Sex n (%)
Male 462 (53.3) 45 (61.6) 0.172
Female 404 (46.7) 28 (38.4)
Mean arterial pressure (mmHg) 93 (17) 83 (28) <0.001
Pulse rate (beats/min) 80 (24) 105 (43) <0.001
Respiratory rate (breaths/min) 18 (6) 22 (12) <0.001
Oxygen saturation (%) 94 (5) 87 (18) <0.001
GCS score 6 (3) 10 (6) <0.001
REMS 1 (2) 5 (6) <0.001
HOTEL score 1 (1) 2 (1) <0.001
Data are presented as median (IQR) unless otherwise indicated.
GCS ¼ Glasgow Coma Scale; ICU ¼ intensive care unit; IQR ¼ interquartile range; REMS ¼ Rapid Emergency Medicine Score.
Table 6
Performances of REMS, REMS without age and HOTEL score in terms of predicting
ICU admission and in-hospital mortality.
Sensitivity Speciﬁcity PPV NPV LR (þ) LR ()
ICU admission
REMS > 7 70 72 42 89 2.46 0.42
REMS without age > 1 79 59 34 91 1.94 0.35
HOTEL > 1 66 85 57 89 4.46 0.40
In-hospital mortality
REMS > 8 71 81 24 97 3.69 0.36
REMS without age > 2 75 76 21 97 3.15 0.32
HOTEL > 1 84 78 26 98 3.89 0.20
Data are presented as %.
ICU ¼ intensive care unit; LR ¼ likelihood ratio; NPV ¼ negative predictive value;
PPV ¼ positive predictive value; REMS ¼ Rapid Emergency Medicine Score.
REMS and HOTEL in Geriatric ED Patients 91in future studies to what extent the increasing age inﬂuences the
hospitalization and in-hospital mortality in the geriatric ED popu-
lation. To the best our knowledge, this is the ﬁrst study evaluating
REMS without age score.
The HOTEL score is a simple scoring system developed to predict
early mortality. In the study where it was ﬁrst described, it was
reported as a strong predictive for the mortality in the initial 24
hours of admission with an AUC value of 0.86510. In our study, we
deduced that the HOTEL score was not a useful score in predicting
hospitalization, similar to REMS. By contrast, the HOTEL score was a
strong predictive regarding ICU-admission and in-hospital mor-
tality. Jo et al12 reported that the HOTEL score had a moderate
predictive efﬁcacy with an AUC value of 0.662. Wheeler et al11 re-
ported that they were able to predict the in-hospital mortality with
an AUC value of 0.700, when a cut-off level of 2 was assigned for
the HOTEL score. In our study, too, a cut off level of 2 for the
HOTEL score was optimum in predicting the in-hospital mortality
with an AUC level of 0.858. With a cut-off level of 2, the HOTEL
score had a 84% sensitivity and a 78% speciﬁcity in predicting in-
hospital mortality.Figure 4. Receivereoperating characteristic curves comparing Rapid Emergency
Medicine Score (REMS), REMS without age, and HOTEL score in terms of intensive care
unit admission.4.1. Limitations
In our study, no evaluationwas made regarding the associations
of the each distinct ﬁve parameters of HOTEL scoring with in-Figure 5. Receivereoperating characteristic curves comparing Rapid Emergency
Medicine Score (REMS), REMS without age, and HOTEL score in terms of in-hospital
mortality.
Z.D. Dundar et al.92hospital mortality. In this study, out-of-hospital treatment and care
were neglected. The scoring systems should be re-evaluated with
further studies including the clinical stage of the geriatric patients
before hospital admission.
In our study, the geriatric patient populationwas investigated as
a whole and their complaints on admission and their last diagnoses
were not included in the analyses. The prognostic values of the
scoring systems among the patient subgroups having different di-
agnoses were not analyzed.
4.2. Conclusion
According to our results, there was no prognostic difference
between the REMS and REMS without age scores for geriatric pa-
tients at the ED. The REMS, REMS without age, and HOTEL scores
cannot be efﬁciently employed to discriminate geriatric patients
requiring hospitalization. Nonetheless, all of the three scores are
proper predictive systems regarding ICU admission and in-hospital
mortality in geriatric ED patients. The HOTEL score is a stronger
predictive than the REMS and REMS without age scores regarding
ICU admission and in-hospital mortality in geriatric ED patients.
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